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I NVENTION  Field of the Invention 10 The present invention relatesI 0 a
separation menmbrane suitably used in purification of sewage, nane Kzn
domestic wasted water exhausted fromlife environments such as cgp |hg,r o
washing, taking a bath, and relieving pature, and of wastewater disc ang
from manufacturing plants, 15 restaurants, fish processing factories, ?hod
food processing factories. The present invention also relates to a ne

i i tion
king the separation nenbrane. Mbreover, the present inven
Ig{apzs tg a sepaPation,nengﬁgﬁ@:éﬁéﬁ@ﬁt?“&EggéQﬁatlon menbr ane nodul e, and

[ [ ti on nmenbrane.
a sewage treatnent apparatus 20 including the separa
Descrigtion of the Related Art Separation nenbranes have recently been used

' B i a ter. Though various types and
Shapes of *sanar a0 on=ERBHE 285 PERAREN, MEtpRARE NEREVENE, 28EbaRN B

m crof i | MEMBrONE RBHANS ARE AR ke PR s MY S ko FOR

5 ' MAKING THE SEPARATION MEMBRANE
BACKGROUND OF THE INVENTION

Field of the Invention
10 The present invention relates to a separation membrane
suitably used in purification of sewage, hamély, domestic
wasted water exhausted from life environments such as
cooking, waéhing, taking a bath, and relieving nature, and
of wastewater discharged from manufacturing plants,
i5 restaurants, fish processing factories, and food processing
fdctories. The present invention a;so relates to a method
‘for making the separation membrane. Moreover, the present
invention relates Lo a separation membrane element, a
Vseparation membrane module, and a sewage tréatment apparatus
20 including the separation membrane.
Description of the Related Arf
Separation membranes have recenfly been used for
purification of sewage and wastewater. Though various types
- and shapes of separation membrane are known, a flat membrane

25 called a microfiltration membrane attracts attention. The




- 2 mcrofiltration nenbrane is generally fornmed as follows. A resin
solution containing a pore-formng agent is applied onto a surface of a
porous substrate such as woven or nonwoven fabric or is idPpMayR008d into
t he porous substrate, 5 and the resin is coagulated to forma porous resin
l.ayer ‘'on the porous substrate.  The porous resin |layer functions as a
separation |layer. Unfortunately, the flat nenbrane does not have a |arge
effective area per unit area, conpared with other types of separation
menbrane, for exanple, a hollow 10 fiber nmenbrane; hence, the flat nenbrane
is required for achieving high water perneability while maintaining a

m cropore size corresponding to the object to be filtered. Wen the

por osi A GER T ey eaisben  fergrehre tie adrievel W giermed ers phaldeats 4 i thy, the

m cropore size excessively increases 15 or surface cracks causing a

decr ead€ 3 LI Tn et N ingwrePatfs indrigpbraositz dlg frRddrashsed in
order to achieve a high rejection, the water perneability inevitably

decr eaBEO ARHIARYIYE A BT G EE A H §F W& R neabi ity are

basically incompatible. It.is difficult to achieving 20 bal anced
conpat i HYYH Werks IPFFER S dmards é??q??é’r?orséwegstrfa&re'sewage

ter rgo heavy .collisian of, solid materials such ,as .sand and sl udge
mater yodens SERCIERS
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perforq%g b%f%ﬁgﬂéﬁﬁgﬁgﬁ%%.in%%e porous resin layer functions as a
separation layer. Unfortunately, the flat membrane does not
have a large effective area per unit area, cémpared with

- other types of separation membrane, for example, a hollow

10 fiber membrane; hence, the flat membrane is required for
achieving high water permeability while maintaining a
micropore size corresponding to the object to be filtered.
When the porosity is increased in order to achieve high
water permeability, the micropore size excessively increases

15 or surface cracks causing a decrease in rejection occurs.
When the micropore size is decreased in order toc achieve a
high rejection, the water permeability inevitably decreases.
Accordingly, a high rejection and high water permeability
are basically incompatible. It is difficult to achieving

20 ~balanced compatibility therebetween.

Iﬁ addition, separation membranes for sewage water
undergo heavy collision of solid materials such as sand and
- sludge in use and heavy collision of bubbles during an

aeration process which is performed to supply oxygen into

25 activated sludge and to prevent clogging. Thus, the




25 activated sludge and to prevent clogging. Thus, the 30 May 2005 3
separation nenbrane nust have sufficiently high strength durable to such
severe inpacts. Such high strength is primarily borne by 8HMayZ088s
substrate. In any known separation nenbrane, the porous resin |ayer would
be separated fromthe porous substrate during a filtration process and an
aeration process in severe cases. SUMVARY OF THE | NVENTI ON An object of the
present invention is to provide a separation nmenbrane which does not

exhi bit the above problens, has high—-water perneability, and does not
cause -separation of a porous resin |ayer froma porous substrate. Another
object of the present invention is to provide a nethod for sinply making
the sgpprakt98n"RERPAARe AGSOT HLBE %Qf%iE&%ﬁE%gsﬁﬁﬁh ok rLRgLRr esent
invention, there is provided a separation nmenbrané conpriSing a porous
substgatebasdta POERUSeESENikBYEEsON BlicheAshnhoBersHitacesof the porous
substrate, where the porous resin |ayer conprising a resin, a part of the
r esi nppemaeal iy Ngoiné oby hehpopersusubsbsatatet o forgha kappasite layer with
t he porous substrate, the following relationship is satisfied: the porous
resi nsépyeatibasmambayes agehpopersiizerenihheayangeoaidOb8l to 0.2 pmand a

standard variation of the pore size of 0.1 pmor |less at the
' separated from the porous substrate during a filtration

process and an aeration process in severe cases.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a

sepaiation membrane which does not exhibit the above
problems, has high waterlpermeability, and does not cause
separation of a porous resin layer from é porous substrate.
VAnother object of the present invention is to provide a

method for simply making the separation membrane.

According to a first aspect of the present invention,
there is provided a separation membrane comprising a porous
substrate and a porous iesin layer on at least one surface of
the porous substrate, where the porous resin layer comprising a
resin, a part of the resin perméating into the porous substrate

- to form a composite layer with the porous substrate, the
following relationship is satisfied: the porous resin layer
has an average pore size in the range of 0.01 to 0.2 pm and a
standard variation of the pore size of 0.1 um or less at the

surface.



surface. 30 May 2005 4 The average pore size and the standard devi ation
are -determ ned based on dianeters of all mcropores which_can be observed
.in a scope of 9.2 pmby 10.4 m by scanning electron nicroé%ybyzgp5a
magni fi cati on of x10,000. A second aspect of the present invention provides
~a separation nenbrane conprising a porous substrate and a porous resin
- layer on at | east one surface of the porous substrate, the porous
substrate conprising an organic fiber and having a density of 0.7 g/cnB or
| ess, the porous resin |ayer conprTs?h@ a resin, part of the resin
. perneating into the porous substrate to forma conposite layer with the
porous substrate, wherein .B z 0.2xA, and C B ? 0.1 wherein A represents

e e+ sorhE Aol 6oPALEUS STUBSLEA Fned <t afae M LS G 0%S O e

porous resin | ayer, represents thé thickness oﬁtﬁﬁ§'§37 osite layer,

and Waekeih ;i nkle pRAEAUS ! B AN J@%g@%%%&ﬂ&é@%&ﬂ%ﬁ oLy gjameters
d 0 articles

of 0.05xA or nore, and the rejection m Ccro aving an average

parti ebgesiveg oh Q. cBPL Sraly beash 80% 039 May AP aftd £y third aspect of

t he present invention provides a
electron microscopy at a magnification of x10,000.

A second aspect of the present invention provides a
separation membrane comprising a porous substrate and a porous
resin layer on at least one surface of the porous substrate,
the porous substrate comprising an organic fiber and having a
density of 0.7 g/cm’® or less, the porous resin layer comprising
a resin, part of the resin permeating into the porous substrate

to form a composite layer with the porous substrate, wherein

‘B 2 0.2xA, and
C/B 2 0.1

wherein A represents the thickness of the porous substrate, B
represents the thickness of the porous resin layer, and C
'represents the thickness of the composite layer, and wherein
the porous resin layer has macrovoids having short diameters of
0.05xA or more, and the rejection of micro particles having an

average particle size of 0.9 pum is at least 90%.




separation nmenbrane conprising a porous substrate and a porous resin |ayer
on at | east one surface of the porous substrate, the porous resin_| ayer
conprising a resin and perneating into part of the porous33is®td0Pe to
forma conposite layer with the porous substrate, wherein B >_ 0.2xA, and
C B >_ 0.1 wherein A represents #Re t hi ckness of the porous substrate, B
.represents the thickness of the porous resin |layer and C represents the

t hi ckness of the conposite |layer, and wherein the porous resin |ayer has
an average pore size in the range of 0.01 to 0.2 mand a standard
variation of the pore size of 0.1 mor less at the surface. A fourth

aspect of tﬁetb#ééeﬁ@peﬂWewilthe mn@wedes1aveﬁep@ma@téﬁhdﬁﬁﬂ373ne el ement
t he sep aration nmenbrane according the

conpri $iefgra SYRPR al8,,a0

first asgegt on até+gé§hé) rﬁgéggo? PRk %?uﬁﬁﬁ%ﬁqﬁfeblate 30 May 2005 4b
A fift lrespegto rafust II%spJ’rESLQ@teJ:I RveRid ARAYO\Ue S A FePatdn menbr ane

el ement conprising a separation nenbrane conprising a porous substrate and

a por g@soussismbisayertegn tale Ipeasisonesiw flage rofcdnlpa-iRANQUS: radastirate, the
porous resin |ayer conprising a resin, part of the resin perneating into
the porddspsubstitdng tiotbopmra of the porous substrate to form a
composite layer with the porous substrate, wherein
B =z 0.2xA, and
C/B =2 0.1
wherein A represents the thickness of the porous substrate,
B represents the thickness of the porous resin layer and C
represents the thickness of the composite layer, and wherein
the porous_resin layer has an average pore size in the range

of 0.01 to 0.2 uym and a standard variation of the pore size

of 0.1 pm or less at the surface.

A fourth aspect of the present invention prov1des a
-separatlon membrane element comprising a supporting plate and
the separation membrane according the first aspect on at least

one face of the supporting plate.




conposite |ayer with the porous substrate, wherein the porous resin |ayer
has an average pore size in the range of 0.01 to 0.2 mand a standard
variation of the pore size of 0.1 mor less at the surfac80Mgy2000h aspect

of the present invention provides a sgparation nenbrane nodul e conprising
a plurality of separation nenbrane el enents and a housing containing the
separation nenbrane el enents, each separation nenbrane el enent conprising
~a separation nenbrane conprising a porous substrate and a porous resin
~layer on at least one surface of the porous substrate, the porous resin

| ayer conprh siidga asesias, ofathe afredmntr dsivergeomeatbugdésat® the porous

subst r adepdr@ thOhMn@mEPIRASLE  &ud AY &lop g&gi%heaporous substrate, wherein the
porous resin | ayer has an average pore 5i'Ze®in the range of 0.01 to 0.2 gm

and a stepaiatdiorn anémibime ofohBei HPFE S 26r9f <0 egs,at the surface.
30 May 2005 4c A seventh aspect of ?he %rgseﬁtsﬁﬁggﬁ%F%na%?o%ides a sewage

~ treat nEMIQppareativs o i i ngt the Sepsiat s QRr geEbs Angy aogyl e,  according to
the fourth aspect, the separate nenbrane nodule being I rsed i nto sewage

to be tyubatedtien Udw puT@ightds aspeste ©fcddier P £5EN i@é’ﬁ{‘tiﬁ‘r&?ro"i des a
sewage treatnent apparatus conprising a separation menbr ane “nodul e
conpriéﬁh§h§ plegAdl ieymsfating into the porous substrate to form a
composite layer with the porous substrate, wherein the
porous resin layer has an average pore size in the range of

0.01 to 0.2 pm and a standard variation of the pore size of

0.1 pym or less at the surface.

A sixth aspect of the present invention provides a

separation membrane module comprising a

plurality of separation membrane elements and a housing
containing the separation membrane elements, each separation
membrane element comprising a separation membrane comprising
. @ porous substrate and a porous resin layer on at least one
ﬁsurface of the porous substrate, the porous résin layer

- comprising a resin, part of the resin permeating into the
porous substrate to form a composite layer with the porous
substrate, wherein the porous resin layer has an average

' pore‘sizé in the range of 0.01 to 0.2 um and a standard

variation of the pore size of 0.1 pm or less at the sﬁrface.




separati on nenbrane el enments and a housing containing the separation

menbr ane el enents, each separation nenbrane elenent conprising a
separati on menbrane conprising a pgrous substrate and a p§P&@§1%@§in | ayer
on at |east one surface of the porSus substrate, the porous resin.|ayer
conprising a resin, part of the resin perneating into the porous

substrate to forma conposite |ayer, wherein the porous resin |layer has an

- average pore size in the range of 0.01 to 0.2 pmand a standard variation

of the pore size of 0.1 pm or less at the surface, the separation nenbrane

nodul e being imersed into sewage to be treated in use. A nineth aspect of
treating sewage, conprising

the preserbntAVEStéON PF Q¥ d t hod for
% Yﬁ%ZEEQEHﬁ ab ¥ Rt HE I Rave 58S 8r 8PHaYe0 the first

filtering the sewage with t Sépara
aspectFeAHSDL MBPRGFYB:s Acoordsingat bhy etepa £aHdh %@&%&Engfmgggﬁgresent

i n'ventkceBrdih j a t hod for making a separation nenbrane
conprj seing. t%gft%{)eg\@gg%igpﬁﬁ?ﬁg’ at}%%l%%ﬁﬂrag&]f“&i“girﬁﬁeamod@@n whi ch
conpr P&&RYI pbMaA IR iiddme skivagei de s ¢ ke t@i any, u&@nponent, a pore-formng
agent which conprises a polynmer conprising polyethylene glycol having a
wei ght average nolecul ar weight of at |east 10,000 as the nmjor conponent,

and a sol xgnéi g Alpdga urface of a porous substrate having a
density of 0.7 g/cn8 St Ie?g ?ggféfﬁ$%9t(iﬂﬁ? ¥ PreEgAdesoai npregnate the

poroug st Mgntth apharatus comprising a separation membrane '
module comprising a plurality of

separation membrane elements and a housing containing the
separation membrane elements, each separation membrane
element comprising a separation membrane comprising a porous
substrate and a porous resin layer on af‘least one surface

~of the porous substrate, the porous resin layer comprising a
resin, part of the resin permeating into the porous
substrate to form a composite layer, wherein the porous
resin layer has an -average pore size in the range ofAO.Ol to
0.2 pm and a standard variation of the pore size of 0.1 pim

. or less at the surface, the separation membrane module being

immersed into sewage to be treated in use.

A nineth aspect of the present invention provideé a method for
- treating sewage, comprising filtering the sewage with the

separation membrane according to the first aspect.




solvent; and inmersing the porous substrate into a coagulation bath

contai ning a non-solvent to coagulate the resin and to fo us resin
| ayer on the surface of the porous gybstrate. BRI EF DESCR?@#%%@&E& THE

DRAWNGS 30 May 2005 5 Fig. 1 is a scanning electron mcrograph of a
surface of a separation nenbrane according to EXAMPLE 1 of the present
invention; Fig. 2 is a scanning electron m crograph of a cross 5 section of

‘the separ am:eeraﬂ%ad;%a&%orc@m I el dG eI LAY Nt | on:

Fig. 3 is a scanni I"ect ron m crogr a su a separation
- menbr bheraceoedidey BoNEOVPARET T ila EXAY/RL Bebareft ithempmbgent i nvention; 10

Fig. I canni Lectron mcrograph of ,a cross-,section_of the
cepar SPBRTRERRT DB SBRH £ (DN RRA AR EARBLE TR 5PS  fe. pr esent
i nventesim wWhixh Songrasssapol pgielybidéeon fiwrdgeapk eheamstiotace of a
separ ation nenbrane ag%ordin% to §§A LE 2 of the 15 grgsent i nvention;
oGPPG CoF EETI BN MR gT R GPOMR=dreesa BRLVRGH of the
separ abiyeni v panecaa¢dedé ngl € XAy 2 ekighheapeesgst invention;

molecular weight of at least 10,000 as the major component, and

‘@ solvent onto at least one surface of a ﬁorous

substrate having a density of 0.7 g/cm3 or less to form a
coating film and to impregnate the porous substrate with the
solvent; and immersing the porous substrate into a
coagulation bath containing a non-sclvent to coagulate the
resin and to form a porous :ésin layer dn the surface of the

porous substrate.

BRIEF DESCRIPTION OF THE DRAWINGS




Fig. 7 is an exploded isonetric view of an elenent 20 including a
separation nenbrane according to an enbodi nent of the preﬁﬁ t E@g ntion,;
“Fig. 8 is an exploded isonetric view of an el enment includi @ag %aration
menbr ane according to another enbodi nent of the present invention; 25 Fig.
9 is a partial transverse cross-sectional view of 30 May 2005 6 the

el emrent .shown in Fig. 8 Fig. 10 is a cross-sectional view taken along |line

Y-Y in Fig. 8 Fig. 11 is an isonetﬁgc view of a nodule including a 5

plurality of elenents using the separation nenbranes and a housing for

hol ding the el ements according to the present invention; Fig. 12 is a flow
chart illustrating a method for naking water using the separation nenbrane
accordi ng t diche 1 I¢ pr esemniing edsiomronand dEiogratd iof an susdieekr i ¢ vi ew of
an elenent including a separation nmenbrane according to another enbodi nent
of the OhresERaFFEM | THID N DESTR I AN toF B BIRERERREIHEVBODI MENTS  The
separati on nmenbrane according to the present invention conprises a porous

subst r RECIFRE a P Hesi n

Fig. 2 is a scanning electron micrograph of a cross-
5  se¢tion of the separation membrane according to EXAMPLE 1 of
the present invention;
Figf 3 is a scanning electron micrograph of a surface
-of a separation membrane according to COMPARATIVE EXAMPLE 1
of the present invention;

10 _ Fig. 4 is a scanning electron micrograph of a cross-
section of the separation membrane according to COMPARATIVE
EXAMPLE 1 of the present invention; |

Fig. 5 is a scanning electron micrograph of a surface
6f a separation membrane according to EXAMPLE 2 of the

15 present invention;

Fig. 6 is a scanning electron micrograph of a cross-—
. section of the separation membrane according to EXAMPLE 2 of
the present invention;
Fig. 7 is an exploded isometric view of an element

20 : including a separation membrane accordiﬁg to an embpodiment

of the present invention; |

Fig. 8 is an exploded isometric view of an element
,including a separation membrane according to another
embodiment of the present invention;

25 : Fig. 9 is a partial transverse cross—sectional view of




| ayer, which functions as a separation |ayer, on at |east 20 one surface of
the porous substrate. The porous resin |layer conprises a g 'nzﬁﬁg part of
the resin perneates into the porous substrate to forma c ﬁ%@gi | ayer
with the porous substrate. In the present invention, the porous resin

| ayer - does not include the conposite layer. 25 The porous substrate
supports the porous resin layer 30 May 2005 7 and inparts strength to the
separati on nmenbrane. Both organicﬂw%tgrials and inorganic materials can be
used as the porous substrate, and organic fibers are preferably used

since they are lightweight. Mre preferable porous 5 substrates are woven
or nonwoven fabrics of organic fibers such as cellulose fibers, cellul ose
t ri acettatee efligmens shyoirydgt &id.i Bors, pol ypropyl ene fibers, and

pol yethylene fibers.. In particular, nonwven fabrics are preferable
because t heFé@nt L8] 16f adexemppysestéanplandevheaonneleng1dinab¥t€s can be
readily prqoduced wth reduced costs. A significantly thin porous substrate
does ndt* Kadwe &7 sufficient strength for the use in the separation

nenbr ane, -End a ignificantlé t hi ck porous substrate causes a decrease in
wat er perme B?ri%i. Fhad, 1EABCERLEKHASY oF fhBepBiBudngbudimgtate is

R et er allah 8 21980 ST theMepd e 1 1M RRbFLEEE LYY 9 tO 500
housing for holding the elements according to the present
invention; |
Fig. 12 is a flow chart illustrating a method for
making water using the separation membrane according to the
10 present invention; and
Fig. 13 is an isométric view of an element including a
separatioﬁ membrane according to another embodiment of the

present invention.

15 : DESCRIPTION OF THE PREFERRED EMBODIMENTS

The separationrmembrane according to the present
invention'comprises a porous substrate and a porous resin
layer, which functions as a separation layer, on at least

20 - one surface of the porous substrate. The porous resin layer
compfises a resin and part of the resin permeates into the
porous substrate to form a composite layer with the porous
substrate. In the present invention, thé porous resin layer
does not include the composite layer.

25 ' The porous substrate supports the porous resin layer




As described above, the porous resin layer functions as a separation
| ayer. Exanples of materials used for the porous resin |ayer include
pol yet-hyl ene resins, 20 pol ypropyl ene resins, polyvinyl ch BF@%&?qQ§S|ns,

" pol yvinylidene fluoride resins, polysulfone resins, polyethersulfone

resins, polyimde resins, and polyether imde resins. These resins may
contain other resins, as long as these resins are primry conponents.
Herein, the 25 "primary conponents' means that at |east 50% and preferably
30.-May 2005 - 8 at |east 60%of the above resin is contained. Anpbng these
resins are preferable polyvinyl chloride resins, polyvinylidene fluoride

rFesins, | . e.resi an ol yet hersul fone resins since filnms can be
readi | yarfcgr ﬁ%g ]{3'9 rsotnﬁ(lrf%’re}cgls troe$}hegslo H ot i”beﬁlibﬁ'ad_rh@ess thfese lr)lesi ns
exhi bi t. hi f?ﬁhﬁﬂ{ I en . I esi.stances. most . pref.erable
resins Oaliseaq{&o yVvi ny den gar}'fql Eiglrol@@ga%alr? d ?nrﬁtxetrulragtss Cca5lnt%éai r]illsﬁeéJl 6‘6‘1 e_nyl : dene
fluori d i el i SS..0f - t r resin |ayer
is pre eﬁgﬁlyhﬁﬁgﬁ{n f%egggﬁge 0 ]f:gﬁgé 0 q%%?%%ge%%gggg}g#%lably in the

range @‘ir@gng}@@%énli@h%“@ligfﬂtqanydfeta YL RALYHS LRSS causes exposition

of the porous substrate,” resulting in hesi on of contam nants to the

or ous SRSl drie SWeRNA orCaTRwdRS fHairidld @F RIeRsUe Mbll-si Ncrease
‘and t he :
such as cellulose fibers, cellulose triacetate fibers,

polyester fibers, polypropylene fibers, and polyethylenev
fibers.. In particular, nonwoven fabrics are preferable
because the control of density is easy and the nonwoven

10 fabrics can be readily produced with reduced costs.

A significantly thinrporous substrate does not have a
sufficient strength for the use in the separation membrane,
and a significantly thick porous substrate causes a decrease
in water permeability. Thus, the thickness of the porous

15 = substrate is preferably in the range of 50 pm to 1 mm, and
more préferably 70 ym to 500 um.

As described above, the porous resin layer functions as
a separation layer. Examples of materials used for the
porous resin layer include polyethylene resins,

20 polypropylene resins, polyvinyl chloride resins,
polyvinylidene fluoride resins, polysulfone resins,
polyethersulfone resins, polyimide resins, and polyether
imide resins. These ;esins may coﬁtain other resins, as

long as these resins are primary components. Herein, the

.25 “primary components” means that at least 50% and preferably




15 filtering performance may not be restored sufficiently after washing. A
significantly thick porous resin |layer may cause a decrease.in water
perneability. Part of the resin of the porous resin |ayer Sgﬁﬁﬂépgé into
at | east the surface | ayer of the porous substrate to 20 forma conposite
‘layer with the porous substrate at |east at the surface |layer. The resin
perneating into the porous substrate is firmy fixed on the porous
substrate by the co- called "anchor effect” and is not detached fromthe
porous substrate. The porous resiﬁ'ﬁ%yér may be formed on one 25 surface
of the porous substrate or the porous resin layers f 30 May 2005 9 may
be formed on both surfaces thereof. If the porous resin |ayer is provided
on one surfexs; 40fe e paratdharvarardyanei s Wdnt gl watzatorperyradd | ity can
be readily forned. If the porous resin |ayers are provided on two

sur f acesssirte & e qparianain eargrdinanisncanchieo mitde nedsigls ,per f or mance in use
for along tine. If the porous resin |ayers are provided on both

sur f ace 1yvhayplordsues ridsior ildey eress imegy, beo lpamieftariec alesdms ,asymdet ri cal to

t he porous substrate. Also if the porous resin |ayers are provided on both
sur f ac @@ I nd st fssrore sl s esined dijams map he asadidoofmedugh t he

conposite layer or may be discontinuous.
5 - from these resins by a solution process and these resins

exhibit high mechanical and chemical resistances. The most
preferable resins are polyvinylidene fluoride and mixtures
containing polyvinylidene fluoride as the primary component.
The thickness of the porous resin layer is preferably
10 -in the range of 1 um to 500 um and more preferably in the
range of 5 pm to 200 pﬁl. A significantly thin porous resin
cauées exposition of the porous substrate, resulting in
adhesion of contaminants to the porous subétrate. In such a
case, the filtration-pressure will increase and the
15 filtering performance may not be restored sufficiently after
washing. A significantly thick porous resin layer may cause
a decrease in water permeability. |
Part of the resin of the porous resin layer permeates
into at least the surface layer of the porous substrate to
_20 - form a.composite layer with the porous substrate at least at
the surface layer. The resin permeating into the porous
| substrate is firmly fixed on the porous substrate by the co-
called “anchor effect” and is not detached from the porous
sgbstrate. The porous resin layer may be formed on one

- 25 surface of the porous substrate or the porous resin layers




The separation nenbrane according to the present invention has an average
pore dianmeter in the range of 0.01 mto 0.2 mand a standgéggseviation of
pore size of ‘0.1 15 mor |less at the surface of the porous yr?opgyer. The
separation nmenbrane satisfying such ranges exhibits both a high
“perneability for a long tinme without clogging and a high rejection, which
means that fungus and sludge do not |eak. A smaller average pore size my
cause decreased water 20 perneability, Thus, the average pore size is
preferably at |east 0.02 mand nore preferably at least 0.04 gm If the
porous resin |layers are provided on two surfaces of the porous substrate,
at |l east one of the porous resin layers nust satisfy the above conditions.
25 The Rkt el pored sy @iy s anemddreraeli atTHrthy @@OUWRYreE006 10
determ_ned based on dianmeters of all mcropores which can be observed in a
scope OfR¥ED i RFOMLILIBY FeamlHFcol ddte oirmi & iosuppemrane
magni fi catiqn of x10,000. It is not clear why the above range on the pore
si ze @ﬁ%ﬁ}%%twa&?ﬁ PR e BR §% LRAHose f Adngd | gWs.th@\/\hen t he
standard devi ati an ﬁ%_the pore sizes exceeds 0.1 m mcropores on the

sur f ac®BPYhe PorbueHES RiSapdPHaRd P fradydases 2 stribution.
%%realns%&é%%arpi%rno R SJ:anléeaé%irll %a%%rtrg%af;[ %1"(;\@1'[ %re’r on:?narnecsemitni Ql eS ef%ai:r ation
a long time. If the porous resin layers are provided on
both surfaces, the porous resin layers may be symmetrical or
asymmetrical to the porous substrate. BAlso if the porous
resin layers are provided on both surfaces, the both porous
.10 resin layers may be continuous through the composite layer
or may be discontinuous.
The separation membrane according to the present
invention has an average pore diameter in thé range of 0.01
pm to 0.2 pm and a standard deviation of pore size of 0.1
15 ‘um or less at the surface of the porous resin layer. The
separation membrane satisfying such ranges exhibits both a
high permeability fgr a long time without clogging aﬁd a
high rejection, which means that fungus and sludge do not
leak; A smaller average pore size may cause decreased water
_20 - permeability. Thus, the average pore size is preferably at
least 0.02 pm and more preférably at least 0.04 pnn.' If the
porous_resin layers are provided on two surfaces of the
porous substrate, at least one of the porous resin layers
must satisfy the above conditions.

25 - . The average pore size and the standard deviation are




10 exhibits an increased perneability at an initial stage. Because water
perneates preferentially through larger pores, foreign material 05
preferentially clogs these |arger pores during continuous ¥

processing. As a result, only smaller particles are still useful, steeply

decreasing the 15 water perneability of the separation nenbrane. \Wen the
standard deviation of the pore sizes is within the above range, such a
di sadvant ageous phenonenon seens not éo occur. Preferably, the separation
" menbrane according to the present i 'Wention satisfies the fol |l owi ng
inequalities: 20 B ? 0.2xA, and CYB > 0.1 wherein A represents the
thickness of the porous substrate, B represents the thickness of the
por ous dedsinmilneyebasend d@ diepreserd ff kel It hiickrgssrad whiectc anpodiet e | ayer .
If the 25 thickness of the porous resin layer is smaller than 0.2xA, 30 My
2005 -©obpprvege igt remgidpd o suf fimi byt 1004t pm deparetirdmd ayer. |f  the
ratio GBis smaller than 0.1, the porous resin layer is readily detached
from t R-S5EEOEs MEFOSCARY, atn & MagrddrQedriyn (of v 00.0 OB i s
extraordinarily large, _the 5 water perneability will decrease. Thus, the
ratio ¢/ B gknéFalPy SaER&f By the fBPVewrAgIrePat FbRshPpe 6izeS C/B <_

%PO an%1%%%2%5%9£¥ is pre%grable, but is supposed as follows.
When the standard deviation of the pore sizes exceeds 0.1
pm, micropores on the surface of the peorous resin layer have
a broad pore size distribution. Since large micropores
readily permeate water, the resulting separation membrane
10 exhibits an increased permeability at an initial stage.
Because water permeates‘preferentially through larger pores,
foreign material preférentially clogs these larger pores
~during continuous sewage processing. As a result, only
smaller particles are still useful, steeply decreasing the
15 water permeability of the separation membrane. When the
standard deviation of the pore sizes is within the above
range, such a disadvantagéous phenomenon seems not to occur.
Preferably, the separation membrane according to the
present invention satisfies the following inequalities:
20 B > 0.2xA, and
C/B 2 0.1
wherein A represents the thickness of the porous substrate,
B represents the thickness of the porous resin layer, and C
represents the thickness of the composite layer. If the

25 thickness of the porous resin layer is smaller than 0.2xa,




Preferably, the porous resin |ayer contains nmacrovoids having specific

. sizes. Herein, the "macrovoi ds" neans pores 10 which are present in the
porous resin |layer and have |larger dianmeters than the por MeusBP2r at the
surface. The macrovoi ds are useful for maintaining the strength of the
porous resin layer while inproving the water perneability. Preferably, the
macrovoi ds have short dianeters of at |east 15 0.05xA. A smaller short
di anet er .causes a significant decrease in water perneability, though it
increases the strength of the porousiresin layer. On the other hand, an
extraordinarily large short diameter causes decreased strength of the
porous resin |ayer. Thus, the upper Iimt 20 of sizes of the nacrovoids is

pref er apley slopBneftnl a8S i nFvE dikiidiess ehd RRPRIRUSHY a%yed.ayars the
t hi ckness of the conposite |ayer, and the sizes of the macrovoids in the

por ous thesiratliady e/ scals kemadalear mhaed ohy , obser Yorgud r&-a3sS-1s6eld QR
perpendi cul ar to the surface of the porous 25 resin |layer with a scanni ng
el ect r eraniidyosieapehed fiviayn 20@5 pokdusl kuble rp@kqQus Ohesihe | ayers are
provi ded on two surfaces, the following inequalities are preferably
sati sf cettradAdc if5tPeBadatio C/B is extraordinarily large, the
5 ‘water permeability will decrease. Thus, the ratio C/B
generally satisfies the following relationship: 0.1 £ C/B =
100 and preferably 0.2 < C/B £ 50.
Preferably, the porous resin layer contains macrovoids
having specific sizes. Herein, the “macrovoids” means pores
10 which are present in the porous resin layer and have larger
| diameters than the poreAdiameter at the surface. The
macrovoids are useful for maintaining the strength of the
porous resin layer’while improving the water permeability.
Preferably, the macrovoids have short diameters of at least
15 + 0.05xA. A smaller short diameter causes a significant
decrease in water permeability, though it increases the
strength of the porous resin layer. On the other hand, an
extraordinarily large short diameter causes decreased
strength of the porous resin‘layer. Thus, the upper limit
20 . of sizes of the macrovoids is preferably 1IxA or less!
The thickness of the porous resin layer, the thickness
of the composite layer, and the sizes of the macrovoids in
the porous resin layer'can be determined by observing a

cross—section perpendicular to the surface of the porous

25 resin layer with a scanning electron microscope.




wherein dA represents the average pore Size at the surface of one of the
porous resin |ayers, dB represents the average pore size h 5 rface of
the other porous resin layer, and dc represents the avera@iw%gﬁg gize in
the central 10 cross-section of the separation nenbrane in the thickness
direction. Qutside of the above range, the water perneability decreases
due to an increase in perneation resistance. In the separation nenbrane
according to the present 15 invention, the rejection of mcro particles
~having an average particle size of 829 pmis preferably at |east 90% A
rejection of |ess than 90% causes | eakage of fungus and sludge, clogging
due to fungus and sludge, an increased differential filtration pressure,

and a signi flifcankl po2udeeesasedaliehe. alder @irdvilded bej e6id on is determ ned
as follows. Using a stock dispersion containing purified water through a

rever sesunsimsiss renrbriand carithgl A nepmadfi icdy stne enefdattedy m croparticl es
havi ng an average dianeter of 0.9 m (nomnal dianeter: 0.940 m the
st andarsthtdeniiatd:on: 0. 0796 25 pm), the stock dispersion is allowed to
perneate t-hrough the 30 May 2005 13 separation nenbrane at a head hei ght
of 1 mwhil@&dghe & ock dispersion is stirred. The rejection is calcul ated
-q¥ ultraviogetgﬁgectroscopy using the foll ow ng equation:
B C
wherein dA represents the average pore size at the surface
of one of the porous resin layers, dz represents the average
pore size at the surface of the other porous resin layer,
and d. represents the average pore size in the central
10 cross—-section of the-separation membrane in the thickness
direction. OQutside ofrthe above range, the water
permeability decreases due to an increése in permeation
resistanée.
In the separation membrane according to the present
15 | invention, the rejection of micro particles having an
average particle éize of 0.9 pm is preferably at least 90%.
A rejection of less than 90% causes leakage of fungus and
sludge, clogging due to fungus and sludge, an increased
differential filtration pressure, and a significantly
20  decreased life. Herein, the rejection is determined as
follows. Using a'stock digpersion containing purified water
through a reverse osmosis membrane and 10 ppm of polystyrene
latex microparticles having an average diameter of 0.9 pm

(nominal diameter: 0.940 um, the standard deviation: 0.0796

25 pm}, the stock dispersion is allowed to permeate through the




Rej ection = {(absorbance of stock dispersion 5 absorbance of perneated
di spersion)/ absorbance of stock dispersion}xl00 wherein ég ab,?sé’?) bance of
the stock dispersion and the absorbance of the perneated S’b’é( n are
measured by using - .ultraviolet radiation at 240 nm 10 The separation
menbr ane according to the present invention may be conbined with a support
to prepare a separation nenbrane elenent. In a preferred enbodi nent of the
separation menmbrane el ement accordifpg to present invention, the separation
15 nenbrane according to the present invention is arranged on at |east one
surface of a supporting plate as. the support. This separation nmenbrane
el ement can be preferably used in sewage treatnents as descri bed bel ow.
Howev eSEPRTaitd orngmemRiane 3¢ ien dredss diaith therforlae vdride ithe Mt P
configuyr.ation;, hence, the separation nmenbranes are preferably arranged on

bath sGrrREESIGN e g6t ndh e 459 © X9 Thcre4dd e pdreabi i ty. The

configuration of the separation. menbrane elenment is not |limted.

Pr ef erélt}!%gaé’&ﬁ’_ ieérursé’teicg_‘r’fgsﬁptyhéls%’ﬁa 5 cﬁr%ﬁfé"ﬁ%ﬁr%‘?é”éﬂrénent will now
be described WLy £eferengs §9. 08 " oF"siock dispersion 27 S0 My 2005 14
-5 . absorbance of permeated dispersion)/ absorbance of stock

dispersion}x100
wherein the absorbance of the stock dispersion and the
absorbanée of the permeated dispersion are measured by using
ultraviolet radiation at 240 nm.

10 The separation membrane according to the present
invention may be combined with a support to prepare a
separation membrane element.

In a preferred embodiment of the separation membrane
element according to present invention, the separation-

15 membrane according to the present invention is arranged on
at least one surface of a supporting piate as, the support.
This separation membrane element can be preferably used in
sewage treatments as described below. However, it is
difficult to increase the membrane area in this

20 V-Configuration; hence, the separation membranes are

preferably arranged on both surfaces of the supporting plate

‘to increase water permeability.

The configuration of the separation membrane element is
not limited. Preferable configurations of the separation

25 membrane element will now be described with reference to the




drawings. Referring to Figs. 7 to 10, the elenent has a rigid supporting
plate 1, and channel nenbers 2 and separation nenbranes 3 _arranged on both
surfaces of the supporting 5 plate 1 in that order. The suﬂB&FWi 85plate 1
has projections 4 and recesses 5. The contam nants in-the liquid are
removed by the separation nmenbrane 3. The channel nenbers 2 are provided
so that water perneating through the separation nmenbrane 3 effectively
flows toward 10 the supporting plate 1. The filtered water reaching the
supporting plate 1 flows in the rectekbes of the supporting plate 1 toward
the exterior. Any supporting plate 1 may be used in the present invention
as long as a plurality of projections and recesses. 15 are provided both

surfaceg=Afingysnl ate. Preferably, the recesses constitute a plurality of
grooves arranged in parallel at a constant pitch so that the distance to

the outletréderthegftbtrigd. watep and the ehampgk h§§i§t§m§§d becone
uniform 1In such a configuration, the filtered water 20 uniformy flows on

t he nmesppoet ifige phiadeh 10f ahHe cheeesdemembs rpr of enhablspparatthenr ange of 1 mm
to 20 mnmand nore preferably 1.5 mmto 5 mmto maintain high water

per meabiembirgngisd 3t erpreygedt osi bkithg sofr fhkescb@nnélk seppersiig and t he
separati on nenbranes 3 under severe aeration 25 conditions. The depth of
tthe repdgseslsipsthatepnilaed The supporting plate 1 has

projections 4 and recesses 5. The centaminants in the
liquid are removed by the separation membrane 3. The
channel members 2 are provided so that water permeating
.through the separation membrane 3 effectively flows toward
10 the supporting plate 1. The filtered water reaching the
supporting plate 1 flowé in the recesses of the supporting
plate 1 toward the exterior.
Any supporting plate 1 may be used in the present
invention as long as a plurality of projections and recesses
15 - are provided both surfaces of a plate. Preferably, the
recesses constitute a plurality of grooves arranged in
parallel at a constant pitch so that the distance to the
outlet for the filtered water and the channel resistance
become uniform. In Such a configuration, the filtered water
.20 ~ uniformly flows on the membrane. The width of the recesses
is preferably in the range of 1 mm to 20 mm and more
preferably 1.5_mm to 5 mm to maintain high water
permeability and to prevent sinking of the channel membefs 2
and the separation membranes 3 undér severe aeration

25 conditions. The depth of the recesses 5 is determined




30 May 2005 15 wthin the range of 1 nmto 10 nmto suppress the
‘thickness of the elenent and to secure channels for the filtered water.
‘Furthernore, the void fraction forned by the recesses of ?%M%@Bﬁ%rti ng
~plate is preferably in the range 5 of 15%to 85%to keep the strength of
t he supporting plate and to suppress the flow resistance of the filtered
water. The void fraction neans the volune fraction of voids formed by the
recesses to a void fraction of a hgllew rectangular parallel epiped of
100% At a void fraction of less than 10 15% the flow resistance is too
- high to effectively collect the filtered water. At a void fraction
exceedi ng 85% the strength of the supporting plate significantly
decr easEsthithdchqppdras Rf pl e to |0 prefter apipprempddwl tdficknassi d
material _having a tensile strength of about 15 MPa 15 according to ASTM
testi nfﬁw&%c&l%@lt Bighflesfugs aharasils doreting Liditensad al s such as

stainless steel; .resins such as acrylonitrile-butadiene-styrene copol yners

( ABS ré’%‘—’}% E&V@ﬁmoér?e, tﬁtﬂ W&%ﬁ%}%é%ﬂ‘?‘?ﬂ bY_cfﬂl"t?ri de; and
CoMpoSti& el L Y plaloa 09 il aCed 20 PSS et o™ e
E%aﬁﬁg:’o?s.l]%t%t :{za t8@%(: %%eisee%f tthQae sterle%ré%rﬁt o\er itlhee %%ip%toaijtr}inrég L_Jtltl:&ef | ow
and to suppress the flow resistance of the filtered wgter.
The void fraction means the volume fraction of veoids formed
by the recesses to a void fraction of a hollow rectangular
parallelepiped of 100%. At a void fraction of less than
10 - 15%, the flow resistance is too high téreffectively collect
the filtered water. At a void fraction exceeding 85%, the
strength of the supporting plate significantly decreases.
The supporting plate 1 is preferably composed of a
rigid material having a tensile strength of about 15 MPa
15 according to ASTM testing method D638. Examples of
preferable materials. are metals such as stainless steel;
resins such as acrylonitrile-butadiene-styrene copolymers
(ABS resins), polyethylene, polypropylene, and vinyl
'éhloride; and composite materials such as fiber*reiﬁforced
- 20 plasﬁics (RFP) .
The channel member 2 preferably has a thiékness in the
range of 0.1 mm to 5 mm to decrease the thickness of the
eélement while maintaiﬁing the flow channels. It is

-preferable that a material having a high porosity such as a

- 25 plastic net be used to reduce pressure drop. The porosity




preferable that a material having a high porosity such as a 25 plastic net
be used to reduce pressure drop. The porosity 30 May 2005 - 16 of the
channel nmenber is preferably in the range of 40%to 96% 39 MRY 28¢%r ence to
Fig. 8, the separation nenbrane elenment according to the present invention
is preferably 5 provided with a frane 6 at the periphery of the supporting
plate 1. In that case, the separation nenbrane 3 nmay be disposed between
the supporting plate 1 and the frame 6 or may be fixed onto the outer
surface of the franme 6. The fixing pPocess may be a bondi ng process using
a resin, a 10 wel ding process of the separation nenbrane itself, and any

- other bonding process. The frane 6, which is forned by injection nolding

or extrysi eile dMYnke engagsd on dhere Pasiphgl Wi AR SuppPodd ng, pl ate 1,
which is formed by econom cal extrusion,” to suppress fabrication costs.

‘The 15 $6ame 6 preferably has a U shaped cross-section so that the
supporting plate 1 can be readily engaged. In the separati on nmenbrane

el enent havirigsuelfeaencenfiogtmat.i @), thke swphet tpennBeibrgnkhr ough the
separation nenbrane 3 flows in the channel menber 2 and the recesses 5 20

of the slppert iawrgidirgy td ks prdmeaxtiereort iofh tike pleai@ndbiyt hr ough a
filtered water outlet 7.

5 provided with a frame 6 at the periphery of the supporting
plate 1. In that case, the separation membrane 3 may be
disposed between the supporting plate 1 and the frame 6 or
may be fixed onto the outer surface of the frame 6. The
fixing process may be a bonding process using a resin, a

_10 welding process of the separation membrane itself, and any
| other bonding process.. The frame 6, which is formed by
injection molding or extrusion, may berengaged on the
periphery of the supporting plate 1, which is formed by
economical extrusion, to suppress fabrication costs. The
15 frame 6 preferably has a U-shaped cross-section so that the
supporting plate 1 can be readily engaged.

In the separation membrane element having such a
configuration, the water permeating through the separation
membrane 3 flows in the channel member 2 and the recesses 5

20 of thé supporting plate 1 toward the exterior of the element
through a filtered water outlet 7.

The separation membrane according to the present

invention can be preferably used in sewage treatment

apparatuses. The method for using the separation membrane

,725 is not limited. A preferable method for use will be




The separation nenbrane according to the present invention can be
preferably used in sewage treatnent apparatuses. The nethod for using the
'separation menbrane 25 is not limted. A preferable met hod>9 May @885 wi i1 . be
30 May 2005 - 17 described below. Referring to Fig. 11, a plurality of
the elements 9 are accommopdated in parallel to each other in the housing
so as to forma space between the surfaces of the separation 5 nenbranes 3
(Fig. 7), in order to formthe separafion nenbrane nodule 10. This
separati on nenbrane nodule 10, as shown in Fig. 12, is used by immersing
into water to be treated such as organic wastewater stored in a reservoir

11. Re erriqgﬁ%qéﬁ%%% 12, the separation nenbrane nodule 10 has 10 a
pl ur al i95°OF* FEffents 9 which are, vertically arranged and an air

di ffuser 12 _f suppl ying..air .trom a.bl ower 13 t the surfaces _of the
separation RSRSFANEY %ﬁe%&ﬁn,1&hdah§%u5a%§ﬁ¥p°f4%hﬁhﬁgﬁmgﬁ Esgiﬁrﬁiltered
wat er, downst ﬁﬂ@ [ rati rnane .nodul e .10. .15 | n the sewage

t r eat ment apﬁgra Jgjﬁhggﬁﬁag%gh%g %%5%ffbgfh fﬁh?ﬁﬁﬁggPsﬁggbéx{Fg%ted, such

as wasteyal £ 4 SpRePHALRL] niQ ‘f’«‘-;%tr%o%%f r&a;éh'?eg I-QUgn Lhe separati on

menbranes 3 by théjsuctlon force of the punp 1 and suspended solids such

Q?_”iCE£5HH¥§Hé§“3N¥ﬁﬂqu@%,aﬁ%.order to form the separation
membrane module 10. This separation membrane module 10, as
shown in Fig. 12, is used by immersing into water to be
treated éuch as organic wastewater stored in a reservoir 11.
Referring to Fig. 12, the separation membrane module 10 has

i0 a plurality of the elements 9 ﬁhich are. vertically arranged

.and an air diffuser 12 for supplying air from a blower 13 to
‘the surfaces of the separation membranes theréin, and has a
punp 14, which sucks in filtered wéfer, downstream of the
separation membrane module 10.

15 In the sewage treatment apparatus having such a
configuration, water to be treated, such as wastewater, is
separated into water permeating through the separation

'_ membranés 3 by the ouction force of the pump 14 and
.suspended solids such as microorganism particles and

. 20 inorganic particles which do not permeate. The water

permeating through the separation membranes 3 flows through

o a flow pathway formed of the channel member 2, the recesses

5 of a supporting plate 1, a collecting conduit 8 formed in

the frame 6, and the filtered water outlet 7 toward the

25 - exterior of the reservoir 11. During the filtratioh, the




20 inorganic particles which do not perneate. The water perneating through
the separation nenbranes 3 flows through a flow pathway fornmed of the
channel menber 2, the recesses 5 of a supporting plate 1, 3&May3d986ting
conduit 8 forned in the frame 6, and the filtered water outlet 7 toward
the 25 exterior of the reservoir 11. During the filtration, the 30 May 2005
18 air diffuser 12 generates bubbles, which generate an upward fl ow
parallel to the surfaces of the nmenbranes of the elenments 9 by the airlift
ef fect. The upward flow renoves thelfirtration residue deposited on the
surfaces of the 5 menbranes. Another preferable enbodi nent of the
separation nenbrane el enent according to the present invention has a

cont ai reerr ahif fusq r it | yervatatt: sS epasisiid HN WRIdH afshae o dmdipd-d he
present invention accommopdated in the container. The 10 elenent in this
enbodi nelmw \pdtahoel beo ddscrdethadd hof ridfemesmierdreFigf th: A separation
menbrane el enent 15 includes folded separation nenbranes 18, each

cont ai lrentresh pdder aiglifthesfEesepar dtliconupverdst dilese I®mareesspiral |y
wounded around a 15 central pipe 16 together with channel nmenbers 17. A
brine tdnlfidgyat inmoviededivg sdriccbfort Hehenisndtifiagpest rafcttiee. | n each
ggenent 15, supply water having a given pressure from

membranes.
_Another preferable embodiment of the separation
membrane element according to the present invention has a

container and a spirally wound separation membrane according

to the present invention accommodated in the container. The

- 10  element in this embodimént will now be described with

reference to Fig. 13,
A separation membrane element 15 ihcludes folded
separation membranes 18, each containing a mesh spacer 19.

These separation membranes 18 are spirally wounded around a

15 - central pipe 16 together-with channel members 17. A brine

seal 20 is provided at one end of the windiﬁg.structure. In
each elemerit 15,rsupply water having a given pressure from
the brine seal 20 flows through the mesh spacer 19 and

permeates through the separation membrane 18. The filtered

-_20' .water is collected through the central pipe 16.

This element has a larger membrane area and thus has
high water permeability compared with the above-described
elements including the supporting plate.  Since this
element, however, exhibit relatively low supbly effectively

25 due to retention of contaminants at the supply side; this is




the brine seal 20 flows through the nesh spacer 19 and perneates through
the separation nenbrane 18. The filtered 20 water is collected through the
central pipe 16. This el enent has a | arger nenbrane area arnt May/90Ras hi gh
wat er perneability conmpared with the above-described elenents including

t he supporting plate. Since this elenent, however, exhibit relatively | ow
supply effectively 25 due to retention of contam nants at the supply side;
this is 30 May 2005 19 suitable for treatnent of seawater, brine, and
river water. In case of use in t reat fent of sewage, preferably, the
activated-sludge effluent is prelimnarily treated by flocculation and
precipitation, sand filtration, mcro 5 filtration nmenbrane, or ultra
filtratswitaEndrizne.t rEwecndgrield frigwrwa taatbrmniss my e wpheyred .al one or
in conbination. In general, the separation nmenbrane according to the

pr esentin masd icdh ussy ibe tprezduced byf tdeavaod,| euiafegmtilygod thel0 A coating
filmis fornmed on a surface or surfaces of the above-described porous
subst r &ad iniattie dr ssloldgente ffdnteai niing pited dalioee-ides dridadedr &3i n, a
pore-formng agent, and a solvent, and the porous substrate is inpregnated
with tHecssladden Bnch prssd Rddrdusulssindatid litg aiteer sed cnat o a 15
%?aQU|%EE%QaQ%%%A%%%&?;yquo% %%QEEP&%ﬁ%&a&%o%pigﬁgigie{heThe
preliminary treatments may be employed alone or in
combination.
| In general, the separation membrane according to the
present invention may be produced by the following method.
10 A coating film is formed on a surface or surfaces of
the above-described pofous substrate with a solvent
containing the above-described resin, a pore-forming agent,
and a solvent, and the porous substrate is impregnated with
the solvent. Then, the porous substrate is immersed into a
i5 - coagulation bath containing a non-solvent to coagulate the
resin and to form a porous resin layers on the surfaces of
the porous substrate. Preferably, the solvent contains a
non-solvent. The temperature of the solvent is preferably
selected from the range of 15°C to 120°C in view of film
20 formability.
The density of the porous gubstrate is preferably 0.7
g/cm3 or less and more preferably 0.6 g/cm3 or less. When
- the density of the porous substrate is within the range, the

porous substrate can hold the resin forming the porous resin

25 layer,_so that an adequate composite layer or composite




resin and to forma porous resin layers on the surfaces of the porous
substrate. Preferably, the solvent contains a non-solvent. The tenperature
of the solvent is preferably selected fromthe range of 18¢€May2099C in
view of film 20 formability. The density of the porous substrate is
preferably 0.7  g/cnB or less and nore preferably 0.6 g/cnB or |ess. Wen
the density of the porous substrate is within the range, the porous
‘substrate can hold the resin form ng 6he porous resin 25 |layer, so that an
adequat e conposite | ayer or corrposTt% 30 May 2005 20 layers of the porous
substrate and the resin is forned. Since a significantly |ow density
causes a decreased in strength of the separation nenbrane, the density is
pr ef er ddyerat dfedadte @c3 aysc ibdtiaratien anidhe hdengistiyy 5.9 efprarent s an appar ent
density, which can be determned from the area, the thickness, and the

wei ght Sgfnaehe pdramis icaultdtyr dtcer dEmes ifter eabereni Ry dageriasiesl éxt racted from
the resin layer to formpores in the resin | ayer when the porous 10

subst r &teengthmedr $&¢ isepraratdcagmeabirenchatthe Besfdrabliy, t he

por e-form.ng a%ent has high solubikity in the coagulation bath. Exanples
of t he PFGfe ol r§ dgasts Oade 9/icHor gaReEednl t sheudhnadtyal ci um chl ori de
qand pal cium

represents an apparent density, which can be determined from
the area, the thickness, and the weight of the porous
substrate,. |
The pore-forming agent is extracted from the resin
layer to form pores in the resin layer when the porous
i0 substrate is immersed in the coagulation bath. Preferably,
the pore-forming agent has high solubility in the

coagulation bath. Examples of the poreFforming agents are

inorganic salts such as calcium chloride and calcium
carbonate. Alternatively, the pore-forming agents may be
15 polyoxyvalkylenes, e.g., polyethylene glycol and
polypropylene glycol; and water-soluble polymers, e.q.,
polyvinyl alcohol, poLyvinyl butyral, and polyacrylic acids;
and glycerin. The pore~forming agent may be appropriately
selected according to thé resin. For example, for a resin
© 20 primarily containing polyvinylidene fluoride, a polymer
priﬁarily containing polyethylene glycol is preferable.
More breferably, a polymer primarily containing polyethylene
giycol having a weight average molecular weight Bf at least

10,000 is used in view of balance among the surface pore

25 size, pore size distribution, and permeability.




carbonate. Alternatively, the pore-formng agents may be 15

pol yoxyal kyl enes, e.g., polyethylene glycol and polypropy#ggﬁw §§O| and
wat er - sol ubl e polyners, e.g., polyvinyl alcohol, polyviny g? and
pol yacrylic acids; and glycerin. The pore-form ng agent may be
appropriately selected according to the resin. For exanple, for a resin 20
primarily containing polyvinylidene fluoride, a polyner primarily '
cont ai ni ng pol yet hyl ene glycol is preierable. Mre preferably, a polyner
primarily containing polyethylene glycol having a weight average nol ecul ar
wei ght of at least 10,000 is used in vi ew of bal ance anDng t he surface

pore 25 siz paQr l,ze di.Str ti per ab|I| Nhy 2005 21
The soIvent%gfsggﬁygg%tggs%§%%%% e §%%3€nt g%tssg% gglﬁnand t he

pore-f t r.Qus resin | ayer.
Exanpl ggﬂgog%s%ﬁﬁ%rﬁf%eg e N rreer}%/ “%@r r oI I ogj O%W eHe
N, N-di rethdracnt a8 daed p(otews) bl ql ﬁ fﬁg;a{ﬂgmedae Py et hyl

sul foxide (DVMBO), acetone, and neth ne. Anobng these

pr ef er ablan udse tr-aree INVRy rPMAG,a -, qu DI}@%dMM&*hﬁ%a@ﬂ*&i@/ di ssol ve

the resin. The non-sol vent does not dlssolve the resin. The non- 10 sol vent
cont r ol (DMARE , C 0 Hdd te@h yl Eoan@initdRe (08N anchadtMis JNEcHige of the

m cropores and nacrovoi ds. Exanpl es of the
(DMS0O)}, acetone, and methyl ethyl ketone. BAmong these
preferably used are NMP, DMAc, DMF, and DMSO, which can
highly dissclve the resin.
The non-solvent does not dissolve the resin. The non-—
10 solvent controls the coagulation rate of the resin and thus
the size of the micropores and macrovoids. Examples of the
non-solvents are water and alcohols such as methanol and
ethanol. Among these, water and methanol are preferable in
view of easy sewage treatment and economical advantages.
15 The non-solvent may be a mixture thereof.
The solvent preferably contains 5 to 30 weight percent
of resin, 0.1 to 15 weight percent of pore-forming agent, 40
to 94.9 weight percent of solvent, and 0 to 20 weight
percent of non-solvent. A significantly low resin content
 20 , may cause a decrease in strength of the porous resin layer,
whereas a significantly high resin content may cause a
décrease in water permeability. A significantly low pore-
forming agent content may cause a decrease in water
permeability, whereas a significantly high pore-forming

25 _agent'content may cause a decrease in strength of the porous




non-sol vents are water and al cohols such as methanol and ethanol. Anong
these, water and nethanol are preferable in view of easy é eat nent
E

and economi cal advantages. 15 The non-solvent may be a mxt eof . The
sol vent preferably contains S to 30 weight percent of resin, 0.1 to 15
wei ght percent of pore-forming agent, 40 to 94.9 weight percent of
solvent, and O to 20 weight percent of non-solvent. A significantly |ow
resin content 20 nmay cause a decreasg in strength of the porous resin _
| ayer, whereas a significantly high fesin content may cause a decrease in
water permeability. A significantly |ow pore- formng agent content may
cause a decrease in water permeability, whereas a significantly high
por e- f greviny 126/agentiilcontient paye-cansel iy degdreaseonterst rength of the _
~porous 30 May 2005 22 resin layer. Wen the pore-form ng agent content is
ext r emgiAL ey tHigytporidhd graviend cagieintg rasymitnsednm e jportdis paesian | ayer
and may dissolve in use, resulting in aggravation of water quality and
fluct udRGom dRYeR end Nget whissdlivey inThes qormedudrimg iagent content in the
solvent is nore preferably in the range of 0.5 to 10 weight percent. At a
si gni f AGHAYR S 1of dlahes sluadditvermnd tHaridolatdmn iof wedadi |y gel at ed,
hereas at a significantly large volunme of solvent, the strength of the
Sgrouspﬁéﬁﬁéﬁ Y'W&?he pore-rorming agent content in the solvent
is more preferably in the range of 0.5 to 10 weight percent.
At a significantly small volume of solvent, the solvent is
readily gelated, whereas at a significantly large volume of
solvent, the strength of the porous resin layer may
10 decrease. The solvent content in the solvent is more
preferably in the range of 60 to 90 weight percent.
Preferably, the solvent contains a non-solvent because
the size of the micropores on the surface of the porous
resin layer becomes uniform. Also, the size of the
..15 macrovoids is readily controlled. A significantly large
non-solvent content, however, causes ready gelatidn of the
solvent. Preferably, the solvent content in the solvent is
in the range of 40 to 94.8 weight percent while the non-
solvent content is in the range of 0.1 to 20 weight percent.
20 More preferably, the solvent content is in the range of 40
to 94.4 weight percent while the non-solvent content is in
‘the range of 0.5 to 15 weight percent.
The coagulation bath may contain a non-solvent or a

mixture of a non-solvent and a solvent. In case of using a

25 - solvent containing a non-solvent, the non-solvent content in




10 decrease. The solvent content in the solvent is nore preferably in the
range of 60 to 90 wei ght percent. Preferably, the solvent 2§ O ?opﬁ a

non- sol vent because the size of the mcropores on the surface d e porous
resin | ayer becones uniform Al so, the size of the 15 macrovoids is readily
controlled. A significantly large non-solvent content, however, causes
ready gelation of the solvent. Preferably, the solvent content in the
solvent is in the range of 40 to 94,8 wei ght percent while the non-

sol vent content is in the range of 0”1 to 20 wei ght percent. 20 Mre
preferably, the solvent content is in the range of 40 to 94.4 weight
percent while the non-solvent content is in the range of 0.5 to 15 wei ght
per centtheTroamakat ton datatis myetoralaly &t nbeesol 8@&meioshta ni xture of a
non-sol vent and a solvent. In case of using a 25 solvent containing a

non- solR&SHENY -he ool gmntdlohtaml i m@o- Malvegoom3enit heawwregd at i on
bath is preferably at |east 80 weight percent. A significantly snall

non- soldfEtY htRItRIsn £ ddiayrafiroarswtien dm tare Ineerse esul ting
in an i,ncrease in mcropore size and inhibiting the formation of -the 5
macr ovoitdSL MR L5 Heraie e HEAD | Kshtf edttenn iaf ithe the range of 85

to 100 wei ght REr cent V\henfthe ol vent does not contain the non-sol vent,
fﬁe nog@g |ygﬁt§50n e Bfe erably, the non-solvent content is in

the range of 85 to 100 weight percent. When the solvent
does not contain the non-solvent, the non-solvent content in
the coagulation bath is preferably lower than that when the
solvent contains the non-solvent. That is, the non-solvent

10 -content is preferably at least 60 weight percent. A large
non—solvent content deiays coagulation of the resin,
resulting in the formation of the porous resin layer‘having
a dense surface and containing internal macrovoids; however,
a large non-solvent content may form fine cracks én the

15 | surface of the porous resin layer. The non-solvent content
is more preferably in the range of 60 to 99 weight percent.
The solvent content in the coagulation bath is adjusted to
control the pore size on the surface of the porous resin
layer and the size of the macrovoids. A significantly high

20 | - bath temperature excessively promotes coagulatibn whereas a
significantly low bath temperature excessively delays
coégulation. Thus, the bath temperature is preferably in
the range of 15°C to 80°C and more preferably 20°C to 60°C.

A coating film from the solvent on the porous substrate

25 may be formed by applying the solvent onto the porous




-

the coagul ation bath is preferably |lower than that when the sol vent
contains the non-solvent. That is, the non-solvent 10 cont§$h$%ﬁ%@§eferably
at .| east 60 weight percent. A large non-solvent content d gul ation
of the resin, resulting in the formation of the porous resin |ayer having
a dense surface and containing internal macrovoi ds; however, a large
non-sol vent content may form fine cracks on the 15 surface of the porous
resin | ayer. The non-solvent content24is nore preferably in the range of 60
to 99 weight percent. The solvent content in the coagulation bath is
adjusted to control the pore size on the surface of the porous resin

| ayer & aof the JTBCr, v0|ds A si |f|cant hi h 20 bath
tenperggﬁfgn%&ceégive SIS bt SR aﬁéh? o nlflcantly | ow

bat h Th
t Zﬁrpeﬁ 38357; |tt§r ;e)r ‘};e?%t% “gt hgyer At g%a%fd %%%Oc{lé)%ués r#c?c&roéf pr *& er abl y
20C 10 H0Ga AL g tﬁdf@ufé WG A VRO NIG RO %@geogjst;f}t e 25 may

be formed by applying the sol vent onto 't he porous

subst r atu® s@frAtETEIS 1S AR A US; %HQ§ﬁr%te eggotbhgc ggg%gnt The sol vent
may be applied onto one surface or two surfaces of Re por ous substrate.

Bhe deasleignatle iR rRQHRAYS onS 8IS thal §orSulf %f@rs%@axeowhgm or less to
achi eve 5 adequate inpregnation of the porous substrate with the
solvent, though the preferable density depends on the

composition of the solvent.

EXAMPLES
10 EXAMPLE 1

A polyvinylidene fluoride (PVDF) resin as a resin,

polyethylene glycol (PEG) having a molecular weight of about

20,000 as a pore-forming agent, N, N~dimethylacetamide

(DMAc) as a solvent, and pure water as a non-solvent were
15 - thoroughly mixed at 90°C to prepare a solvent having the

following composition.

PVDFE': 13.0 weight percent
PEG: 5;5 weight percent
DMAC: 78.0 weight percent
20 ' Pure water: 3.5 weight percent

After the solvent was cooled to 25°C, this was applied
onto a polyester nonwoven fabric having a density of 0.48
g/cm’ and a thickness (A) of 220 pm and immediately immersed
in pure water at 25°C for 5 minutes. The nonwoven fabric

25 ‘was immersed in hot water at 80°C three times to remove DMAcC



sol vent, though the preferable density depends on the conposition of the
sol vent. EXAMPLES 10 EXAMPLE 1 A pol yvinylidene fluoride %PVDF) resin as a
resin, polyethylene glycol (PEG having a nol ecul ar weigh 0 Hfay 9801t :
20,000 as a pore-formng agent, N, N-dinethylacetamde (DMAc) as a
solvent, and pure water as a non-solvent were 15 thoroughly m xed at 90C to
prepare a solvent having the follow ng conposition. PVDF: 13.0 wei ght
percent PEG 5.5 weight percent DMAc: 78.0 weight percent 20 Pure water:
3.5 wei ght percent After the solventZhas cooled to 25C, this was applied
onto a polyester nonwoven fabric having a density of 0.48 g¢g/cnB and a

t hi ckness (A) of 220 pmand immediately - inmersed in pure water at 25C for

5 mnutesi PHIR nonweyerafalki edh e ISHRASAG Mot maly Aty=80C three
times to renmove DMAC 30 May 2005 25 and PEG A separation nmenbrane shown -

i n Fi ghelkeiyd pZepased.hemely forenay edsitha ferothd e3d daysiakd the
conposite |ayer were observed in the scope of 9.2 mby 10.4 mby scanning
el ect r daysc weseoppsatr vedndgnithiec atdopre ff 1Q, @PR. by 10.4 pm by
scahning electron microscopy at a magnification of x10,000.
5 'Thé average of sizes of all observable micropores was 0.067
pm and the standard deviation thereof was 0.033 pm. The
cross-section perpendicular to the surface of the separation
membrane was observed with the scanning electron microscope.
Macrovoids having a short diameter of about 30pum (about
10 0.14xA > 0.05xA) were distributed in the porous resin layer
and the composite layer; The thicknéss (B) of the porous
resin layer was about 110 pm and the tﬁickness (C) of the
composite layer was about 220 pm, which waé substantially
-equal to the thickness of the porous substrate. Thus, B was
15 equal to about 0.5x&, which was larger than 0.2xA, and C/B
| ‘was equal .to about 2, which was larger than 0.1.
Using the separation membrane, the rejection for fine
particles having an average diameter of 0.9 um was measured.
The rejection was 98%. The volume of permeating water was
20 . measured with a reverse osmosis membrane at a head height of
1 m using purified water at 25°C. The volume of the
permeating water was 3'F><10_9 m3/m2-s-Pa.
" As shown in Figs. 8 to 10, the resulting separation
membranes 3 were bonded onto plastic nets which were

25 provided on both surfaces of a frame having a filtered water




5 The average of sizes of all observable mcropores was 0.067 mand the

standard deviation thereof was 0.033 pm The cross-sectiopn Rﬁ’(%b dicul ar
to the surface of the separation nenbrane was observed w tR e scanning

~electron microscope. Macrovoids having a short dianeter of about 30lim

(about 10 0. 14xA > 0.05xA) were distributed in the porous resin |layer and
the conposite layer. The thickness (B) of the porous resin |ayer was about
110 pm and the thickness (C) of the jgonposite |ayer was about 220 pm

whi ch was substantially equal to the thickness of the porous substrate.
Thus, B was 15 equal to about 0. 5xA, which was larger than 0.2xA, and CB
was equal was |arger than 0.1. Using the separation

nenbr ar‘ﬂélt:'tef'}_e é?tedft. eoﬂ:‘TFbraITq ARV 13 Y Hh Bveragel Hramet er  of
wis b0 Hodl WA 2 CEFED Do rbdte tontEhd i LN haTghs of 1 m |
57x10- e e s, St 4 o 11 e C 4 SEpar TS on

sur oo ROt R, pANRRY (%3‘%3’ B R U 5o R é%v%eﬂteﬁd?ef " ot the
[P, anGehAtienGot ot Bl Havitly Wachel U sof o0 SMs R S Lpth of 5

to forman el enent
mm, and a helght of 700 mm as shown in Fig. 12. Activated

sludge having a concentration of 3,000 mg/liter was placed
in the reservoir'and air was supplied from the air nozzle at
a rate of 20 liter/min, while permeation test was performed
10 = at a linear permeation rate'of 0.4 m/day. A differential
‘filtration pressure, which was converted to 25°C,'was small,
i.e., 0.5 kPa at an initiai stage and 0.8 kPa at 1,000 hours
later. No .damage or detachment of the poréus resin layer

was observed after 1,000 hours.

COMPARATIVE EXAMPLE 1
A separation membrane shown in Figs. 3 and 4 was
prepared as in EXAMPLE 1, but the solvent ﬁsed had the

following composition.

- 20 PVDF: 13.0 weight percent

PEG: : 5.5 weight percent
DMAcC: 81.5 weight percent
The porous resin layer and the composite layer of the

resulting separation membrane were observed in the scope of

25 9.2 pm by 10.4 um by scanning electron microscopy at a




this elenent, a nodule shown in Fig. 11 was fabricated. The nodule was
placed into a reservoir having an air nozzle 12 5 at the bottom and havi ng
a depth of 500 mm a width of 150 mm and a hei ght of 700 9&H%¥¥09ﬁomm in
Fig. 12. Activated sludge having a concentration of 3,000 ng/liter was
placed in the reservoir and air was supplied fromthe air nozzle at a
rate of 20 liter/mn, while perneation test was performed 10 at a Iinear
perneation rate of 0.4 mday. A diftferential filtration pressure, which

was.converted to 25C, was small, i.e., 0.5 kPa at an initial stage and 0.8
kPa at 1,000 hours later. No danage or detachnent of the porous resin

| ayer éqﬁ) TIVE VP.

separati nPPﬁgégﬁgns%omm i'n %Fﬁa%%s p?%ﬁ%?ﬁﬁﬁéi n EXANPLE 1,

but th%ﬁ@éi’%ﬁlé’%ﬁﬂcgﬁ?&@ wd 'd%ggn %m@%é and 44 g@% 9 Wei ght

percent PEG 5 per cent ME|g percen e porous

resin | gyereanded hiep COMMAS! t%@xvc%racéké h%tﬁ eéuwf(%ﬂg Separal i pn,frenbr ane
wer e observed in the scope of 25 9.2 m by 10. y scanni ng el‘ectron
M cr oscopyuted 30 Mie 390Re’ The cross-section perpendicular to
5 ~the surface of the separation membrane was observed wifh the
scanning electron microscope. Macrovoids havingra short
diameter of about 30pm (about 0.14xA > 0.05xA) were
distributed in the porous resin layer and the composite
layer. The thickness (C) of the composite layer was about
10 220 pm, which was substantially equal to the thickness of
the poroos substrate,
The measured rejection of the separation membrane for
fine particles having an average diameter of 0.9 pm was 60%.
The volume of permeating water measured as in EXAMPLE 1 was
15 39x107° m°/m’-s-Pa.
A permeation test was performed as in EXAMPLE 1. A
differential filtration pressure, which was converted to
25°C, was 0.5 kPa at an initial stage and was increased to 6

kPa at 1,000 hours later. No detachment of the porous resin

20 ~layer was observed after 1,000 hours.

COMPARATIVE EXAMPLE 2
‘A separation membrane shown in Figs. 5 and 6 was
prepared as in EXAMPLE 1, but a polyester nonwoven fabric

25 - having a density of O.90_g/cm3 and a thickness (A) of 101 um




magni fi cati on of x10,000. The average of sizes of all observable

m cropores was 0.15 pm and the standard deviation thereof S (% 12 pm

M crocracks with a width of 1 to 2 pm occurred at sone pléd:v@é‘y P
cross-section perpendicular to 5 the surface of the separati on nmenbrane was
observed with the scanning electron m croscope. Macrovoids having a short
di anet er of about 30m (about 0.14xA > 0.05xA) were distributed in the
porous resin |layer and the conposite_ |ayer. The thickness (C) of the
conposite layer was about 10 220 pm2%hich was substantially equal to the
t hi ckness of the porous substrate. The neasured rejection of the
separation nenbrane for fine particles having an average dianeter of 0.9

pm was wdousethen s dhempdfouzergdaddmgavat er neasured as in EXAMPLE 1 was
15 39x10 9 nB /nRsPa. A perneation test was perfornmed as in EXAMPLE 1. A

di f ferenti alfhki porauisomepiasiuyer whidclhheasospbyettedaer 35Ctheas 0.5 kPa
at an initial stage and was increased to 6 kPa at 1,000 hours later. No
det achrmerstu 1dfi rich & gpanreds. ome siemi2@G rlea ywerranvad selivedv et athieerschb@0@ thour s.
COVPARATI VE EXAMPLE 2 A separation nmenbrane shown in Figs. 5 and 6 was
pr epar éd Zagim nb EXAHPL B, bhyuts canpdinge stierc tromvonienr ofsalopiyc at2% havi ng a
density of 0.90 g/cnB and a thickness (A) of 101 m 30 May 2005
S magnification of x10,000. - The average of sizes of all
observable micropores was 0.067 pum and the standard
deviation thereof was 0.033 pm. The cross-section
perpendicular to the surface of the separation membrane was
observed with the scanning electron microscope. No
10 macrovoids were observed. The thickness (B) of the porous
resin layer was about 30 pm, but no composite layer (C) was
observed. Thus, the membrane was placed on the substrate. ’
Accordingly, B was about 0.14xA, which is less than 0.2xAa,
and C/B was 0, which is less than 0.1.
15 ~ The measured rejection of this separation membrane for
fine particles having an average diameter of 0.9 um was 98%.
The volume of permeating‘water measured as in EXAMPLE 1 was

8 3,2
m /m +s-Pa,.

10x10~
A permeation test was performed as in EXAMPLE 1. A
20 . differential filtration pressure, which was converted to

25°C, was 0.8 kPa at an initial stage. After 96 hours, the

porous resin layer was detached from the porous substrate.

COMPARATIVE EXAMPLE 3

':25 : ' Arsepération membrane was prepared as in EXAMPLE 1, but




- 28 was used as the porous substrate. The porous resin layer and the
.conposite layer of the resulting separation nenbrane were observed in the
scope of 9.2 mby 10.4 m by scanning el ectron nicroscopy a¢ May=005
magni fi cati on of x10,000. The average of sizes of all observable

- m-cropores was 0.067 pm and the standard deviation thereof was 0.033 pm
The cross-section perpendicular to the surface of the separation nenbrane
was observed with the scanning. el ectgon-m croscope. No 10 nacrovoi ds were
observed. The thickness (B) of the porous resin |ayer was about 30 pm but
no conposite layer (C) was observed. Thus, the nenbrane was placed on the

bstrat.e. di ngl B bout 0. 14xA, ichis | th 0. 2xA, d
ety o SRRy Rams it QR el S 2 o

_ t] f fi ti.cl i i t f 0.9
copen ot GBI 0 S 7 REGH 153, OS  SisL S8 dareter of 0
10710 SpTLIBRe ik RIS o P RS BSLLGUTER YRR L & (20

differentia iltration press ( C, was 0.8 kPa
o e et 0 Jo IR AR SR i Sl e
Vas prepdd eshasrvdt BXAWRIE shodlor 9.2 ym by 10.4 pm by scanning

electron microsqopy at a magnification of x10,000., The

average of sizes of all observable micropores was 0.4 pum and

the standard deviation thereof was 0.1 pm.

The measured rejecfion of this separation membrane for

10 fine particles having an average diameter of 0.9 pum was 80%.

The volume of permeatingrwater measured as in EXAMPLE 1 was

9 3, 2
m /m +s+Pa.

40x10"
EXAMPLE 2
i5 The solvent prepared in EXAMPLE 1 was cooled to 25°C

and was applied onto two surfaces of the polyester nonwoven
fabric as in EXAMPLE 1. Immediately after, the polyestér
nonwoven fabric wasrimmersed in pure water at 25°C for 5
minutes, and was immersed-in hot water at 80°C three times
-.20 to remove DMAcC and PEG. A separation membrane was prepared
in such a manner,

The cross-section perpendicular to the surface of the
separation membrane was observed with a scanning electron
microscope. The thickness (A} of the porous substrate was

25 220 pm, and the distances from the center of the porous




30 May 2005 29 the polyester nonwoven fabric after applying the solvent
was immersed in an aqueous 60-wei ght % DMAc solution for 5 ﬂln%@g The
surface, away fromthe porous substrate, of the porous r eSP May, of the
resulting separation nenbrane 5 was observed in the scope of 9.2 mby 10.4
m by scanning electron mcroscopy at a magnification of x10,000. The

~average of sizes of all observable mcropores was 0.4 pmand the standard
- deviation thereof was 0.1 pm The me%@ure_d rejection of this separation

menbrane for 10 fine particles havi an average dianeter of 0.9 pm was
80% The vol une of perneating water neasured as in EXAMPLE 1 was 40x10 9
nB/ m2sPa. EXAMPLE 2 15 The solvent prepared in EXAMPLE | was cooled to 25C
and wassWppidadet dint dhavtwursackssed dfhehpolprastar meniwoVelyerfsabric as in
EXAMPLE 1. Immedi ately after, the polyester nonwoven fabric was inmersed
in pur ¥S%s ér50aﬂm25‘@¥d¥3‘05mm nutre ot hand wwarslsi, nodies edh iickehotpowater at 80C
three tines 20 to renove DVAc and PEG A separation nenbrane was prepared
in sucHetifarierer e & dssideasisowfpdlpemdiead ahet ¢hiileegupbaoasof t he
separati on nmenbrane was observed with a scanning electron mcroscope. The

t hi ckndSSHN)! AP REDGr Sbs disstsr &fe 2fasun, resulting in a total
5 thickness (B) of 60 um. The composite layer had a thickness

(C) of about 220 um, which was equal to the thickness of the
porous substrate. Thus, B was about 0.27xA, which is larger
than 0.2xA, and C/B was about 3.7, which is larger than 0.1.
The average pore diameter (de) in the center of the
i0 cross-section of the porous resin layer was 0.4 pm and the
standard deviation theréof was 0.1 pm. The average pore
diameter (dpa) in the surface, away ffom.the porous resin
layer, of the porous substrate was 0.07 pm and the standard
deviation thereof was 0.03 pum, whereas the aveﬁage pore
i5 diameter (dg) in the surface, near the porous resin layer,
| of the porous substrate was 0.07 um and the standard
"deviation thereof was 0.03 pm. Herein, the average pore
diameter and the standard deviation thereof were determined

based on all micropores which can be observed within a scope

- 20 - of 9:2'pm by 10.4 um by scanning electron microscopy at a

magnification of x10,000. Thus, 2d, = 0.14, which is
smaller than d;, and 2dg = 0.14, which is smaller than d..
The measured rejection of this separation membrane for

fine particles having an average diameter of 0.9 pm was 99%.

25 The volume of permeating water measured as in EXAMPLE 1 was




25 220 pm and the distances fromthe center of the porous 30 May 2005 -
30 substrate to the two surfaces of the porous resin Iayegﬁ mgkﬁ 150 pm
and 130 m In other words, the thicker porous resin |ayer MaY£00Ri ckness
of 40 mand the thinner porous resin layer had a thickness of 20 pm
resulting in a total 5 thickness (B) of 60 gm The conposite |layer had a
t hi.ckness (C) of about 220 pm which was equal to the thickness of the
porous substrate. Thus, B was about g 27xA, which is larger than 0.2xA,
and ¢ B was about 3.7, which is larg 1 than 0.1.. The average pore di aneter
(dc) in the center of the 10 cross-section of the porous resin |ayer was
- 0.4 mand thg stapdard deviation thereof was 0.1 m The average pore
di amet &0x(1dA) mn/tmhessbaface, away fromthe porous resin |ayer, of the
porous substrate was 0.07 mand the standard deviation thereof was 0.03 m
wher eas t heRaperngetponetéstdivaseperfodBpdi ast he BHMAMEBESB, lneaR the porous
resin [ayer, of the porous substrate was 0.07 pm and the standard
devi at i franddfa lnds 163 iom  PREssiure t b iahe vage qeowertdidamest er and t he
st.andard devi ati on thereof were determ ned based on all m cropores which
can be Z6bSer V& Wi-tbhikFaa adc gpe 196 tdfalo stagm lBpd1@as h-By k§@anli ng el ectron
m Cr osco at a magnification of x10,000. Thus, 2dA = 0.14, which is
otral | ort+O%h hplrsandteds =Ng. fetaghmenti ofsihhe eProRgn rgein layer

was cbserved after 1,000 hours.

.COMPAR.ATIVE EXAMPLE 4
| The solvent prepared as in EXAMPLE 1 was cooled to 25°¢
10 - and was applied onto two surfaces of the. same polyester
nonwoven fabric as in EXAMPLE 1. 'Immediately after, the
polyester nonwoven fabric was immersed-in an aqueous 60-
weight% DMAc solution at 25°C for 5 minuteé, aﬁd was
immersed in hot water at 80°C three times to remove DMAc and
15 PEG. A separation-membranerwas prepared in such a manner.
The cross—section perpendicular to the surface of the
separation membrane was observed with a scanning electron
microscope. The thickness (A) of the porous substrate was
220 pm, and the distances from the center-of the porous
| 20 ~ substrate to the two surfaces of the porous resin layers
were 150 pm and 130 pm. In other words, the thicker porous
resin layer had a thickness of 40 pm and the thinner porous
resin layer had a thickﬁess of 20 pum, resulting in a totél
thickness (B) of 60 pum. The composite layer had a thickness

25 (C) of about 220'pm, which was equal to the thickness of the




The neasured rejection of this separation nmenbrane for fine particles
havi ng an average di aneter of 0.9 pmwas 99% 25 The volugghgiﬁgﬁ nmeat i ng
wat er neasured as in EXAMPLE 1 was 1 30 May 2005 31 30x Y sPa. A
perneation test was performed as in EXAMPLE 1. A differential filtration
pressure, which was converted to 25C, was 0.6 kPa at an initial stage and
was 1.0 kPa at 5 1,000 hours later. No detachnent of the porous resin |ayer
was observed after 1,000 hours. COVPARATI VE EXAMPLE 4 The sol vent prepared
as in EXAWPLE 1 was cooled to 25C 10 and was applied onto two surfaces of

t he. sanme pol yester nonwoven fabric as in EXAMPLE 1. 'Imedi ately after,

h f ' ' d | .60~ _wei ght % DMAC
ol ut| G SR IREL, (TS, S T e S B iter4580C t hr ee
Limes g, Jprpva DG, Ard ol S REG A S apar atjianatbnang wag arepaned in such
a manner. The cross-section perpendicul’ar to the surfaCce or the

separati on FREDLIAEAWAS jheeryafeMeln (@ $CAANLAY ELRCLEODF (Y LT OScope. The
was 22

t hi ckness (A) of the porous substrate m and the distances from

the cendJs0fsddta RPIAUSIRD Rl Al itP TRt WR S W .faggs ofpthe porous
resin |layers
5 average pore diameter (d,) in the surface, away from the
porous resin layer, of the porous substrate was 0.4 um,
whereas the average pore diameter (dg) in the surface, near
the poroﬁs resin layer, of the porous substrate was O.4_um.
Herein, the average pore diameter was determined based on
10 all micropores which can be observed within a scope of 9.2
pm by 10.4 pum by scanning electron microscopy at a
magnification of x10,000. Thus, 2d, = 0.08, which is larger
than ds, and 2dy = 0.8, which is larger thah-dc.
The measured rejectioﬁ of this separation membrane for
15 fine particles having an average diameter of 0.9 pm was 80%.
The volume of permeating water measured as in EXAMPLE 1 was

o 3, 2
m /m-s-Pa.

4010~
As described above, the separation membrane according
20 to the present invention has a high rejection and high
Ppermeability and does not clog. Furthermore, the separation
membrane can be readily produced by a method for making a

separation membrane according to the present invention.




were 150 pmand 130 M In other words, the thicker porous resin |ayer had
a thickness of 40 pmand the thinner porous resin layer had a thickness of
20 m resulting in a total thickness (B) of 60 pm The coﬁ%ﬁkwggoﬁayer had -
a thickness 25 (C) of about 220 pm which was equal to the thickness of the
30 May 2005 - 32 porous substrate. Thus, B was about 0.27xA, which is

| arger than 0.2xA, and C B was about 3.7, which is larger than 0.1. The
average pore diameter (dc) in the.cggter of the cross-section of the porous
resin layer was 0.6 pm The 5 average pore dianeter (dA) in the surface,
away fromthe porous resin layer, of the porous substrate was 0.4 pm

mhere%ﬁg@hﬁz er%ﬁgmgore di aneter (do) in the surface, near the porous

resin dridus substrate was 0. 4 pm Herein, the average pore

di amet er M@S dgternlneg based on 10 all m. cropores which can be observed
within a séope’ofgazathppippen rﬁ“ﬁn?ﬁ?p§&§ﬁﬁpn@ EP@@PFoﬁUPFEF6§80py at a

nagnlf t| of x10, Q00.; _Thus s | ar than dc, and
2d$ = b%‘g chS s9 Salrngé-Lr‘Elyehargi)n c?t 'FT?éaS%eé’éjl?r o i é-’]c&tOfng'h(ﬂ‘ this

separ at, o for tlcl es haV|n Lan average di anet er of
0.9 p%lr °80%% i teﬁoﬁ&#geo#ﬂpe méﬁﬁ%u;%ﬁiper sasUr e fas Y EXAVPLE 1

was  4QxiQ -9 BB, HPSRacAS desar HRefhealave 1L SRRALALLQN menbrane

accordi ng
substrate to form a composite layer with the porous

substrate, the following relationship is satisfied:

the porous resin layer has an average pore size in
~the range of 0.01 to 0.2 wm and a standard variation of the

pore size of 0.1 pm or less at the surface,

2. The separation membrane accordiﬁg to claim 1,
wherein |

B z 0.2xA, and

¢/B =2 0.1
wherein B represénts_the thickness of the porous resin layer

and C represents the thickness of the composite layer.

3. The separation membrane according to claim 1,




20 to the present invention has a high rejection and high perneability and
does not clog. Furthernore, the separation nenbrane can be_readi
produced by a nethod for nmaking a separation nmenbrane acc%QHPM&OP% t he.
present invention. 30 May 2005 33 WHAT IS CLAIMED IS: 1. A separation
~menbrane conprising a porous substrate and a porous resin |ayer on at
| east one surface of the porous substrate, where the porous resin |ayer
conprising a resin, a part of the rﬁfin perneating into the porous
substrate to forma conposite |ayer fth the porous substrate, the
following relationship is satisfied: the porous resin |ayer has an average
pore size in the range of 0.01 to 0.2 mand a standard varigtion of the
pore siveendin. tthenmrrdes swdisthetstidace. déhsfhe separatd i rane
according to claiml1, wherein B>_ 0.2xA, and CB ? 0.1 wherein B
represeissthe thickness of the porous resin layer and C represents the
t hi ckness of the conposite layer. 3. The separation nenbrane according to

claim1, 30 May 2005 34

4. The separation membrane according to claim 1,

‘wherein the porous substrate comprises an organic fiber.

5. The separation membrane according to claim 1,

wherein the porous substrate comprises a nonwoven fabric.

6. The separation membrane according to claim 1,
wherein the resin comprises polyvinylidene fluoride as the

major component.

7. A separation membrane comprising a poﬁous substrate
and a porous resin layer on at least one surface of the
porous substrate, the porous substrate comprising an organic

fiber and having a density of 0.7 g/cm3 or less, the poroué
resin layer comprising a resin, pért of the resin permeating
into the porous substrate to form a composite layer with the
porous substrate, wherein |

B = 0.2xa, and

C/B 2 0.1
wherein A represents the thickness of the porous substrate,
B represents the thickness of the porous resin layer, and C

represeﬁts the thickness of the composite layer, and wherein




wherein the porous substrate has a density of 0.7 g/cnB or less. 4. The
separati on nenbrane according to claim1l, wherein the porgﬁiﬁgﬁgﬁ%rate

conprises an organic fiber. 5. The separation nenbrane ac o claim
1, wherein the porous substrate conprises a nonwoven fabric. 6. The
separation nmenbrane according to claiml1, wherein the resin conprises
pol yvi nyl i dene fluoride as the major conponent. 7. A separation nenbrane
. conprising a porous substrate and-azgorous resin |ayer on at |east one
surface of the porous substrate, the porous substrate conprising an
organic fiber and having a density of 0.7 g/cnB or |ess, the porous resin
| ayer gggprisin a resin, part of the resin perneating into the porous
subst r TP e hasy SS9 Aol SistHanetefiferein B
> 0. 2xA, % C/ B > 0.1 wherein A reepresents the thickness of the porous
substr)aéft%e,oq% Pe eSSk talfé%ec%ﬁéfg:t&font [ Fordes RRediifi&er, and C
repreS@Hﬁg_%p%‘t i @% ss of .t.he canposit (L er, and ﬁh rei gggwhy 2005
35 the poP’usnr%g%h %gyéF”ﬁﬁéﬁﬁh€P§ of&g 'ggﬂﬁa 5Rof g?ﬁ ters: of 0.05xA
or nore, and the rejection of mcro particles
8. A separation membrane comprising a porous substrate
and a porous resin layer on at least one surface of the
porous substrate, the porous resin layer comprising a resin
and permeating into part of the porous substrate to form a
Composite layer with the porous substrate, wherein
B = 0.2xA, and
C/B =2 0.1
wherein A represents the thickness of the porous substrate,
B represents the thickness of the porous resin layer and C
represents the thickness of the composite layer, and wherein
the porous resin layer has an average pore size in the range

of 0.01 to 0.2 wm and a standard variation of the pore size

of 0.1 pm or less at the surface.

9.. The separation membrane according to claim 1,
wherein the porous substrate has the porous resin layers on
two surfaces, and

2d, < dp -

2dgy £ dg
wherein d represehts the average pore size at the surface

of one of the porous resin layers, dg represents the average




havi ng an average particle size of 0.9 mis at |east 90% 8. A separation
menbrane conprising a porous substrate and a porous resin_layer on at
| east one surface of the porous substrate, the porous resi S
conprising a resin and pernmeating into part of the porous substrate to
forma conposite layer with the porous substrate, wherein B ? 0.2xA, and
C/ B> 0.1 wherein Arepresents the thickness of the porous substrate, B
represents the thickness of the pogogg resin layer and C represents the

"~ thickness of the conposite |ayer, and wherein the porous resin |ayer has
an average pore size in the range of 0.01 to 0.2 mand a standard
variation of the pore size of 0.1 gmor |less at the surface. 9. The
separ atdare rears @&te tdor gwifard o fTltdiendt he mhsreduws ties porlougesubst rat e has
the porous resin |ayers on two surfaces, and 2dA do 2dB do wherein dA
T epr esé@fts deh&epresggé spohe sivesage Poegeswifzacdn dtheomendirailhe por ous
resin, |ayers, dB represents the average 30 May 2005 - 36 pore size at
t he surfSE FeGHEOiHert Porssipanadsion mapdrrananih ddg dpriedemss t he aver age

pore size in the central
direction.

10. A separation membrane element comprising a
supporting plate and the separation membrane according to

claim 1 on at least one face of the supporting plate.

11. The separation membrane element according to claim

10 uséd in sewage separation.

12. A separation membrane element comprising a
separation membrane comprising é porous substrate and a
pOrous resin layér on at least one surface of the porous
subétrate, the porous resin layer comprising a resin, part
of the resin permeating into the pérbus substrate to forﬁ a
composite layer with the porous substrate, wherein the
poxous resin layer has an average pore size in the range of
0.01 to 0.2 wm and a standard variation of the pore size of

0.1pun or less at the surface.

13. The separation membrane element according to claim

12 used in sewage separation.




cross-section of the separation nenbrane in the thickness direction. 10. A
separation nenbrane el enent conprising a supporting plate_and the
separation nmenbrane according to claim1l on at |east one PAMayA0UP e
supporting plate. 11. The separati on nmenbrane el ement according to claim
10 used in sewage separation. 12. A separation nenbrane el enent conprising
a separation nenbrane conprising a porous substrate and a porous resin
| ayer on at | east one surface of the_porous substrate, the porous resin
layer conprising a resin, part of "t fé Tesin perneating into the porous
substrate to forma conposite |layer with the porous substrate, wherein the
porous resin |ayer has an average pore size in the range of 0.01 to 0.2 m
and a standadd varisapaeatdbnt hempea@esimoeudl Omprisehgl @ss at the surface.
13. The separation nmenbrane el enent according to claim 12 used in sewage
separ apilowraldG wef 2065 se3ia ratdionA nseparatd enl ammirsanse-gmdiie; aenpri sing a
plurality of the separation nenbrane elenents according to claim10 and a
housi n§lédm didniamgl &hdSeparatdonrt aierincaride elegaentts ort esmgeEarat i on
menbrane el enents being arranged substantially parallel to each other so
as to ﬁéﬁﬁﬁ§§§06§he separation membrane elements being arranged
"substantially parallel to each other so as to form spaces

- between the adjacent separation membranes.

15. A separation membrane module comprising a
plurality of separation membrane elements and a housing
containing'the separation membrane elements, each separation
membrane element compriéing a separation membrane comprising
a porous substrate and a porous resin layer on at least one
surface of the porous substrate, the porous resin layer
comprising a resin, part of the resin permeating into the
.pofous substrate to form a composite layer with the porous
substrate, wherein the porous resin layer has an average
ﬁore sizé"in the range of 0.01 to 0.2 pm and a standard

variation of the pore size of 0.1 um or less at the surface.

16. A sewage treatment apparatus comprising the
separation membrane module aécording‘to claim 14, the
. separation membrane module being immersed into sewage to be

- treated in use.

17. A sewage treatment apparatus comprising a




bet ween the adj acent separation nenbranes. 15. A separation nenbrane nodul e

conprising a plurality of. separation nenbrane el enents agﬂwﬁwgﬁﬁsing
cont ai ni ng the separati on nenbrane el enents, each separati ane

el ement conprising a separation nenbrane conprising a porous substrate and
a porous resin layer on at |east one surface of the porous substrate, the
porous resin |ayer conprising a resin, part of the resin perneating into
the porous substrate to forma compgsite layer with the porous substrate,
wherein the porous resin |layer has an average pore size in the range of
0.01 to 0.2 mand a standard variation of the pore size of 0.1 mor |ess
at the surface. 16. A sewage treatnent apparatus conprising the separation
menbr &602FGddCE HeRBrdnfgTPe U kaicw s iaite asedavatiidyy mdnbr ane nodul e
being inmersed into sewage_to be treated in use. 17. A sewage treatnent

appar SERETESHOR SRPRETANS0SHERCRE65 2Nk 2 Jeidd SRSty idre ul e
conprising a.pluraljty of _separation nenbrane elenents and a housing

~cont aPRPAGaLAED @85§F5Pﬁoﬁlﬁ@ﬁBF§neﬂﬁqgnﬁﬁﬁﬁfag&Eﬁ‘§Eﬁﬁ?§?ﬁbn menbr ane

el enen rising.a.separation nenbrane conpr%;&@%&%.porous substrate and

a por SESIC“%B i TOMRy&P1BH 4t SPRASP NS SfPaese gorods Kttt ate, the

poroug festa.Laygy SOEBEEﬁgngegin layer on at least one surface

of the porous substrate, the porous resin layer comprising a
resin, part of the resin permeating into the porous
substrate to form a composite layer, wherein the porous
resin layer has an average pore size in the range of 0.01 to
.0.2 pm and a standard variation of the pore size of 0.1 pum
or less at the surface, the separation membrane module being

immersed into sewage to be treated in use.

18. A method for treating sewage, comprising filtering
the sewage with the separation membrane according to claim

1.

.19. A method for making a separation membrane
comprising the steps of:

applying a solvent containing a resin which comprises
polyvinylidene fluoride as the major component, a pore-forming
.agent which comprises a polymer comprising polyethylene glycol
having a weight average moiecular weight of at least 10,000 as the
‘major component, and a solvent onto at least one surface of a
porous substrate having a density of 0.7 g/CﬂP or less to form a
coating film and to impregnate the porous substrate with the
.solvent; énd immersing the porous substrate into a coagulation

. bath containing a non-solvent to coagulate the resin and to form




resin, part of the resin perneating into the porous substrate to forma
conposite | ayer, wherein the porous resin |ayer has an ayﬁiﬁ%e §$ e size
in the range of 0.01 to 0.2 mand a standard vari ati on of YB si ze of
0.1 m or less at the surface, the separati on nenbrane nodul e bei ng
imersed into sewage to be treated in use. 18. A nethod for treating
sewage, conprising filtering the sewage with the separation nenbrane
according to claim 1. 19. A nethod,for neking a separation nenbrane
conprising the steps of: applying a solvent containing a resin which :
conprises polyvinylidene fluoride as the major conponent, a pore-formng f
agent which conprises a polynmer conprising polyethylene glycol having a
wei ght average nol ecul ar wei ght of at least 10,000 as the 'major component,
and a solvent onto at | east one surface of a porous substrate having a
densi ByPBFOBS7I§FERBLBYCEeS8 thef GPMEaCecOdt thg PRrRUEnd WS tirdbfegnate. the
porous substrate with the solvent; and i mrersing the porous substrate into
a coagul ation bath containing a non-solvent to coagulate the resin and to
form 30 20 39 a 0£$us resin La er on the surface of the porous

substrate. O20._ PHet tdd Brmﬁﬁk?%g PReSERPEPEI PO ?8fe according to
clai ml3, whereln Lhe; gohyent SoOmPLi $88 2059632 comprises 5 to 30

- weight percent of the resin, 0.1 to 15 weight percent of the
pore~forming agent, and 40 to 94.9 weight percent of the
solvent, and the coagulation bath contains at least 60

welight percent of the non-solvent.

21. The method for.making the separation membrane

according to claim 19, wherein the solvent contains a non-

solvent.

22. The method for making the separation membrane
'accordiqg to claim 21, wherein the solvent comprises 5 to 30
weight percent of the resin, 0.1 to 15 weight percent of the
pore~-forming agent, 40 to 94.8 weight percent of the
solvent, and 0.1 to 20 weight percent of the non-solvent,
‘and the coagulation bath contains at least 80 weight percent

of the non-solvent.

~23. The method for making the separation membrane
according to claim 19, wherein the coating films of the

solvent are formed on two surfaces of the porous substrate.



wei ght percent of the resin,. 0.1 to 15 wei ght percent of the pore-formng
agent, and 40 to 94.9 wei ght percent of the solvent, and {he coagulation
bath contains at |east 60 weight percent of the non- sol vert May 20058,

met hod for nmaking the separation nenbrane according to claim 19, wherein

t he solvent contains a non- solvent. 22. The nethod for making the
separation nenbrane according to claim?2l, wherein the solvent conprises 5
to 30 weight percent of the resin, ®.1 to 15 weight percent of the
pore-form ng agent, 40 to 94.8 weight percent of the solvent, and 0.1 to
20 weight percent of the non-solvent, and the coagulation bath contains at
| east 80 wei ght percent of the non-solvent. 23. The nethod for making the
separation menbrane according to claim19, wherein the coating filns of
the solvent are forned on two surfaces of the porous substrate. 30 My
2005 40 24: ThReBehBadt SPTnBRKARIL Héeséﬁaﬁéﬁgéﬁ“n’é‘ﬁﬁ‘laéﬁée according to

claim.19, erein the . tenperature of %g? "solvent is in the range of 15C to
120C &FEERe"PelfeFdtdle ot MRETESRY ISt 6APEEAT S I9F & range of 15C to
80C. 2

..The.met.hod, for nakin e separat.i.on _nmenbr an according to claim
19, WRE gﬁﬁttﬁg 68rgﬁ§ TGRS 8 eﬁ% C %o 13% % an&ﬂ%he.%emperature

~of the coagulation bath is in the range of 15°C to 80°C.

25. The method for making the separation membrane
according to claim 19, wherein the porous substrate

comprises a nonwoven fabric.

26. The method for making the separation membrane
according to claim 19, wherein the resin comprises

polyvinylidene fluoride as the major comp0nént.




conprises a nonwoven fabric. 26. The nethod for making the'separation

“menbrane according to claim19, wherein the resin conprigég
pol yvi nyl i dene fluoride as the nmjor conponent. ABSTRACT yﬁﬁ%ﬁP%CLCSURE

A separation nenbrane has a porous substrate and a porous resin |ayer on
at | east one surface of the porous substrate and the porous resin |ayer
contains a resin. Part of the resin perneates through the porous substrate
to form a conposite layer. At |eastypne of the followi ng relationships
(1) and (2) is satisfied: (1) the porous resin |layer has an average pore
Size in the range of 0.01 to 0.2 [err]mand a standard variation of the

pore size of 0.1 [errJmor |less at the surface, and (2) the porous resin
| ayer has macrovoi ds havRRTBHeF tOF dTEreR BFSLOPURE 05 x A or nore wherein A

represents the thickness of the porous substrate, and the rejection of
mcro particles havi ng an aver age particle size of 0.9 pn1is at | east 90%
Thi s separation ne r.ane c%g be r adl roduce Qod for making a

separ at i on ﬁﬁpﬁﬁ T&EcBrErng to Fﬁe pP8 8HE ?Hg§ﬁ¥95ﬁ an

porous resin layer on at least one surface of the porous
5 substrate and the porous resin layer contains a resin. Part
of the resin permeates through the porous substrate to form
a composite layer. At least one of the following
relationships (1) and (2) is satisfied:
(1) the porous resin layer has an average pore size in
10 the range of 0.01 to 0.2 um and a standard variation of the
- pore size of 0.1 pm or less at the surface, and
{2} the porous resin ;ayer has macrovoids having short
diameters of 0.05xA or more wherein A represents the
thickness of the borous substrate, and the rejection of
15 micro particles having an average particle size of 0.9 pm is
ét least 90%. This separation membrane can be readily
‘produced by a method for makiné a separation membrane

according to the present invention.




